Erythroblast transformation-specific-related gene (ERG) fusions, the most common and validated prostate cancer (CaP) genome alteration, result in alterations in the expression of the ERG oncoprotein. Significantly lower frequencies of ERG have been reported in tumors of African American (AA) in comparison to Caucasian American (CA) men. Building on our preliminary observations, this study has focused on the increased association of the ERG-negative status with higher-grade prostate tumors in AA men. Representative whole-mount prostate sections from a matched cohort of 63 AA and 63 CA men with Gleason scores of 4+3 and those with Gleason scores of 8-10 were analyzed for ERG oncoprotein by immunohistochemistry. The striking finding of this study was that ERG expression was 3 times more likely to be present in the higher-grade index tumors of CA men compared to AA men (31 of 63 vs. 10 of 63 patients, respectively; P<0.0001). Although the mechanisms underlying these differences have not been elucidated, the present study along with our previous observations underscores that ERG typing may enhance the understanding of ethnic differences and future targeted therapy of CaP.
Introduction
African American (AA) men exhibit the highest incidence and mortality from prostate cancer (CaP) compared to other races in the United States (1) . While socioeconomic factors contribute to CaP outcomes among men of different ethnicities (2) , it has also been recognized that AA men have more advanced CaP at diagnosis (3) . Although there remains controversy over the role of biological differences between prostate tumors in AA and Caucasian American (CA) men, emerging data suggest the presence of differences in somatic and germline alterations (4, 5) .
One of the most common and validated CaP genome alterations represents fusion of the protein-coding sequences of erythroblast transformation-specific (ETS)-related transcription factors [predominantly ETS-related gene (ERG)] with promoter sequences of androgen-regulated genes [predominantly transmembrane protease serine 2 (TMPRSS2) gene] (6) (7) (8) (9) . The highly prevalent ERG fusions, present in over half of all CaPs in Western countries, result in androgen-dependent and prostate tumor-specific expression of the ERG fusion transcripts and a near-full-length ERG protein with a 32-amino acid deletion at the amino terminus (6) (7) (8) (9) . Evaluations of the ERG alterations at the genomic, transcriptional and protein levels have continued to suggest lower frequencies of ERG in AA CaP in comparison to CA CaP (10) (11) (12) (13) . Almost complete concordance between the detection of ERG gene fusions by fluorescence in situ hybridization and ERG protein detection by immunohistochemistry (IHC), has significantly accelerated the evaluation of the ERG protein as the surrogate of this common CaP genome alteration in pathological specimens (14) (15) (16) (17) . Studies from our and other groups indicate that the overall frequency of ERG alterations in CaP varies significantly among different ethnicities: It is highest in CA, intermediate in AA and lowest in Asian CaP patients (4, 5) . Our recent evaluations of representative whole-mount prostate sections from a matched cohort of 91 CA and 91 AA men demonstrated a significant difference (P<0.0001) in the prevalence of the ERG oncoprotein in index tumors of CA (63%) and AA (29%) men (13) . Our preliminary data also suggested that the majority of higher-grade tumors in AA patients may be ERG-negative (13) . The present study focuses on comparative evaluations of ERG in higher-grade tumors in CA and AA CaP patients.
Materials and methods
Specimens and study criteria. The Center for Prostate Disease Research database was queried to identify CaP patients who were enrolled in the Institutional Review Board-approved protocol from Walter Reed National Military Medical Center. The CaP patients underwent radical prostatectomy (RP) between 1994 and 2011. Archived clinicopathological data were evaluated for 1,304 patients who self-identified their race. The study sample was powered for ERG evaluation. A total of 63 AA and 63 CA IHC analyses of the ERG. Representative whole-mount 4-µm cross-sections from each prostatectomy specimen were selected. The index tumor consisting of the largest tumor with the highest grade was identified along with all other tumor foci in each specimen. Specimens for ERG IHC were cut and stained with a highly specific anti-ERG monoclonal antibody (clone 9FY; Biocare Medical Inc., Concord, CA, USA) as previously described (13, 14) . The index tumor and all other tumors were classified as ERG-positive (any number of tumor cells positive) or negative (all tumor cells negative). Fig. 1 provides representative examples.
Sample size and statistical analysis. Categorical patient clinicopathological data were described across race using frequencies and percentages. Continuously measured variables were compared using measures of central tendency, namely mean, median and standard deviation. The Chi-square test was used to compare the distribution of the clinicopathological characteristics between the CA and AA cohorts, as well as IHC status (positive vs. negative) for the AA vs. CA cohorts. Biochemical recurrence (BCR), was defined as 2 consecutive prostate-specific antigen (PSA) measurements of ≥0.2 ng/ml at least 8 weeks post-RP. Unadjusted Kaplan-Meier estimate curves and multivariable Cox proportion hazards analysis were used to evaluate the prognostic significance of ERG oncoprotein on BCR-free survival. The log-rank test was used to test for differences in the Kaplan-Meier curves by ERG status. P<0.05 was considered to indicate a statistically significant difference. All data analyses were conducted using SAS software, version 9.3 (SAS Institute, Cary, NC, USA).
Results
Clinicopathological characteristics. The study cohort of 126 patients (63 CA and 63 AA) did not exhibit significant differences in clinicopathological variables across race (Table I ). The majority of the tumors had Gleason scores of 8-10 and pT3 disease (Table I) . This patient cohort provided an 80% power to detect a 25-30% absolute difference across race for ERG positivity (two-sided P-value=0.05).
ERG status by race and grade. Overall, 46% of the patients had ≥1 ERG-positive tumor foci. The index tumor was ERG-positive in 41 of the 126 patients. In CA men, the index tumor was ERG-positive in 31 of 63 patients (49%), which was significantly higher compared to 10 of 63 patients (16%) in AA men (P<0.0001) (Table II) . CA men were also significantly more likely to have any tumor focus positive for ERG compared to AA men (59 vs. 41%, P= 0.0042, data not shown). ERG-positive status was significantly lower in higher-grade (16%) compared to lower-grade (34%) index tumors of AA men (P=0.04), which was not the case in CA men (Table II) .
ERG as a predictor of recurrence. ERG was not found to be an independent predictor of BCR in this cohort (Table III) . (Table III) .
Discussion
CaP is a multifocal, heterogeneous disease with a variable clinical course. Two cancers of the same grade and stage do not necessarily exhibit similar progression characteristics and CaP does not behave equally across age groups or ethnicities (1) (2) (3) (4) (5) 18) . Molecular alterations are likely involved in the ethnic differences of CaP and we sought to describe the prevalence of ERG in higher-grade disease in AA and CA men with a focus on index tumors. High Gleason scores are recognized as surrogates of aggressive disease and are independently predictive of BCR (19) . Studies from our and other groups have demonstrated significantly lower frequencies of ERG in CaP of AA men in comparison to that of CA men (5, 12, 13) . Our previous preliminary observation indicated more significant differences in ERG in high-grade tumors of AA compared to those of CA men. Table III . Univariable and multivariable Cox proportional hazard models for the prediction of biochemical recurrence by using ERG IHC status and clinicopathological variables.
Univariable Cox models
Multivariable Cox model (17) . ERG, erythroblast transformation-specific-related gene; CA, Caucasian American; AA, African American.
This adequately powered study addressed this issue by using matched cohorts of CA and AA CaP specimens. A striking finding of this study was that ERG was significantly (3 times) more likely to be present in the higher-grade index tumors of CA men compared to those of AA men (31 of 63 vs. 10 of 63 patients, respectively; P<0.0001). Thus, although ERG may be the most common oncogenic alteration in CA men, it does not appear to be the case in AA men, particularly not in those with higher-grade CaP. The biological basis underlying this observation remains to be elucidated; these results nonetheless support the association of an ERG-negative status with more aggressive disease in AA men. These data also suggest that ERG may not be the primary driver of higher-grade CaP in AA men. While there is a general agreement that ERG is a highly prevalent and early oncogenic alteration in CaP and it defines a large subtype of prostate tumors, it is also important to recognize that there are significant proportions of ERG-negative prostate tumors for which a common driver gene alteration is not known. Emerging data from the present and other studies underscore the higher prevalence of the ERG-negative subtype of CaP in AA and Asian men (4, 5) . The higher frequency of high-grade ERG-negative tumors in AA men likely reflects the presence of distinct genomic alterations associated with the initiation and progression of this subtype of CaP.
The utility of ERG detection in CaP is apparent in the diagnostic setting and ERG typing of tumors may also be of significant value for biological classification and future targeted therapy. However, the utility of ERG in assessing CaP progression remains controversial, which may be attributed to multifactorial causes, including specific patient cohort, disease stage and assay type (8, 17) . In this high-grade cohort, the ERG protein status was not found to be correlated with disease progression.
In summary, this study provides important observations on the predominance of ERG-negative high-grade CaP in AA men. The biological implications of these observations are far-reaching, particularly in delineating biological typing and future treatment of CaP tumors in men of different ethnicities.
